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o Although immersion in either hot or cold water is a popular
modality employed by coaches, athletic trainers, ena physical therapists,
the manner in which tc¢mperature influences joint flexibility has not been
scrutinized with great care, As recently as 1969 Harris (9) noted the
lack of literature on temperature and flexibility and wrote, "Only one
source was located which studies the effects of varying temperatures on
flexibility. Warm temperatures caused an increase in the range of move-
ment, and cold.tempera:ures caused a decrease." In agreement with this
finding, Wright and Johns (18) reported a 10 to 20 percent increase in
stiffness of the metacarpophalangeal joints when skin temperature was
reauced to 18 degrees centigrade, and a decrease in stiffness when the
temperature was raised to 45 degrees centigrade, More recently Sechrist
and Stull (15) reported that following a 10-minute immersion in 10-degree
centigrade water the range of motion at the wrist, elbow, or ankle was
considerably less than that recorded following either a 10-minute immersion
in 45-degree centigrade water, a 2-minute bout of mild activity, or a
. combination of the warm water immersion and mild activity.

Although there seems to be evidence that flexibility can be altered
by therwmal applications, the authors were unable to locate any studies
which examined the effects of varying immersion periods on range of
motion. Hence, the purpose of this investigation was to determine the
relative effects of thermal applications of varying temperatures on the
flexibility of specific joints. More specifically, this stuay attempted
to reveal the relative effects of varying periods of immersion (10, 20,

and 30 minutes) at varying temperatures (10 and 45 degrees centigrade)



on range o' moiion at the wrist and ankle,

Method

Fohrteen, male, college students, ranging in age from 17 to 22
years, volunteered to serve as subjects for this study, They were
not paid for their services, and each reported that he had had no
previous joint injury or orthopedic disabilicy,

For testing, a protractor-arthrometer and supporting bénch
were positioned on top of a table, 203.20 em. in length, 91.44 cm,
in width, and 68.58 cm., in height. The semi-circular arthrometér,
which recorded the range of joint flexion and extension of both the
wrist and the ankle, was constructed of 12,70 mm. plysood and measured
154 .94 cm. in length and 83.82 cm. in height. It assuned the appearance
Qf an err-sized protractor with two large aluminum arms attached 12.70 cm.
abo "z the center of the base. The face of the arthrometer was graduated
in degrees énd covered a range of 195 degrees. The measuring arms,

72.39 cm. in length, 1,90 cm. in width, and 3.18 mm. in thickness, were
used to record the range of movement. A small stand braced and elevated
the arthrometer 33.02 cm. above the table top.

Two spring balances were utilized to Tegulate the amount of tension
applied to the joint during testing, One, a Chatillon spring balance, had
a steel "S" hook at one end and a closed steel ring at the other, Graduated
in ounces with a maximum pull of 6 pounds (2,72 kg.), che cylinder-shaped
balance allowed for a constant pull in measuring range of motion., A
Welch spring balance with a miximunm pull of 9.98 kg. was utiliz;d for

dorsiflexion (flexion) of the ankle,



A leather strapped masonite sandal was attached to a piece of
masonite 6.35 mm. thick, 11.43 cm, in length, and 16.16 cm. in width.
The strapped sandal was placed over the hand oé foot to ensure proper
alignment and to provide a site for attaching the "S" hook secured to
the spring balance. |

To brace and align the subject's hand and foot, a Qupporting
bench was constructed of 12,70 mm, plywood., The bench, 33,02 cm. high,
30.48 cm. long, and 30.48 cm. in width, had 2 splices of rope looped
over its top to hold the midline of the forearm and lower leg in place.
Wooden slats, 12.70 mm. thick, were used to elevate the midline in
& horizontal posture parallel to the stationary arm cr the protractor
arthrometer,

A 75.68-1iter bucket was utilized to hold water u.:ing the
administration of the thermal appl#cations. This cylinder-shaped
container was placed on the floor near the table so that the subject,
while seated on the table, could insert his leg during the thermal
application., Another bucket served as a water container for the wrist,
This 18.92-liter receptable was positioned on the table next to the
subject.

One week prior to the testing period, the subjects were given a
brief orientation which included a demonstration. Each subject became
familiar with the experimental design and was asked not to engage in
any strenuous physical activity during the conduct of this investigation.

During the eignt-wcek testing perioa, each subject reported at a

prescribed time, Upon arrival to the laboratory, the subject was seated



on the table for testing. At the start of the experiment it was
necessary to standardize the position of the body and the specific
joints in order to evaluate the amount of joint motion. Every effort
to consider individual differences with regard to body height and leg
length was made to comfort the subject's position, The prefegred body
positions were consistent with those recommended by Moore (13), Wiechec
and Krusen (16) and the Committee on Medical Rating of Physical Impair-
ment of the American Medical Association (5).

Logan and Dunkelberg (12) have stated that muscles on the opposite
side of joints function reciprocally, and the muscles tend to resist
stretching if relaxation is unable to take place, Hence, the test
aduninistrator manipulated all movements, and the subject was instructed
to remain as passive as possible, Beetham (2) has reported that ranges
of joint motion are rarely equal, hHe asserted that passive movements
portray a greater amplitude of joint nmovement and tend to be a more
reliable indicator of joint motion.

In order to assure a constant pull during the measurement of joint
motion, the spring balance was attached to the subject's hand or foot and
orviented at a 90-degree angle of pull from the point of attachment.
Standardized postures for both the subject and tester were maintained
throughout the experiment. Salter (14) has indicated that it is essential
to standardize the posture of the body as well as positions of the joints
on successive occasions. Thus, the same subject could be tested and

L4

retested at different times with consistent results,

The right ankle was randomly selected for initial measurement., The

subject assumed a semi-reclining position on the table with the sagittal



plane of the body parallel to the face of the protractor arthrometer,
With the left leg extended and resting on the table, the subject was
per&itted to lean back and relax against a wall. The lower part of the
right leg was elevated and placed on the supporting bench parallel to
the ingtrument. The right knee was flexed at an angle of 120 degrees to
overcome restrictions due to the action of the gastrocnemius (8). Slats
of wood were placed under the supporting bench to elevate the lateral
midline of the fibula even with the stationary arm of the protractor,
The heel was positioned over the edge of the bench purposely to permit
complete flexion (dorsiflexion) and extension (plantar flexion) of the
ankle. For proﬁer realignment of the leg after the experimental condition
indelible ink was used to mark the point where the leg extended over the
edge of the supporting bench. The two rope splices were employed to hold
the leg in place on the supporting bench,

The tester sat directly in front of the protractor-arthrometer
and made the necessary skeletal leg alignments th the aid of an
assistant. The lateral aspect of the joint was ..sed with the protractor
facing anteriorly. The placement of the measurement arms was as follows:
the stationary arm was positioned parallel to the lateral midline of the
fibula on a line from the head of the fibula to the laterai malleolus, and
the movable arm was aligned directly behind the strapped sandal which
paralleled the lateral midline of the fifth metatarsal. At the zero-
degree mark the foot was at a right angle with the midline of the lower
leg. The region of the lateral mallecolus was aligned with the protractor's
fulcrum, No designatecu landmark was named as the center of the joint to

coincide with the fulcrum on the prctractor, Though much has been written



about the axis of the joint, Moore's (13) work presents strong evidence
to support the contention that there is no one specific bony landmark
which could be called an axis of motion for complex movement of the
wrist aid ankle, According to Moore, to specify that the pivot of the
protractor be centered on an anatomical landmark may falsify the motion
actually present in the joint and open the results to criticism,

In measuring for ankle flexion the investigator pulled with his
right hand on the Welch spring balance 1ich was secured to the
strapped sandal, to a tension of 9.98 kg. The tester's left hand con-
trolled the subject's movement through the uniaxial plane, and care
was taken to avoid as much inversion and eversion as possible, At this
time, the assistant tester marked a straight line on the protractor
parallel to the strapped sandal, This procedure was standardized for all
measurements in order to attain as‘@uch accuracy as possible (17).

With a constant force of 2.72 kg., the Chatillon spring balance
was used to measure ankle extension. Again, the tester controlled the
spring balance and uniaxial movement while alignment of the movable arm
was accomplished by the assistant,

In the measurement for right wrist flexibility, the subjecct was
in seated position with his back to the right front of the instrumeﬁt.
With the sagittal plane perpendicular to the protractor's face and elbow
flered, the subject extended his right forearm to rest in pronation on
the supporting bench along a horizontal line, Beetham (2) and the
American Acadeny of Orthopaedic Surgeons (7) have recommended that the
forearm be pronated while measuring, since the relative degree of

supination and pronation intfluences motion. The wooden slats were



placed under the supporting bench when it was necessary to elevate

the midline of the forearm parallel to the stationary measuring arm,
To assure proper aligrment the forearm was secured to the bench by
weans of two splices of rope which looped over top., So that the wrist
could be aligned in the same position following the thermal application,
the tester marked with indelible ink a line along the lateral midline
of the forearm, Another marking was made on the ventral side of the
forearm an inch below the ulnar styloid process where the forearm
extended from the supporting bench. Dorinson and Wagner (6) have
- reported that measurements are more accurate if lineg are drawn with

a skin marking pencil so that the goniometer Jdoes not slip and can

be replaced aiter the motion has been made.

The Chatillon spring balance was attached to the strapped
sandal and used in both wrist flexioh and wrist extension. With a
constant pull of 2.72 kg., the test administrator manipulated the
spring balance with one hand while controlling the uniaxial movement
with the opposite hand. The stationary arm on the arthrometer was
placed parallel to the lateral midline of the ulna toward the olecranon
process, The movable arm was positioned parallel to the fifth metacarpal
by the assistant,

One of the experimental conditions was a passive heat application
which consisted ol either a 10-, 20-, or 30-minute immersion of the joint
in 45-degree centigrade water, The subject rested on the table with his
right leg immersed in hot water directly beneath the table's edge, while
resting the other on a chailr, After 5 minutcs, the arm was immersed in
the 18,92-liter receptacle to the subject's immediate right. The elapsed

time between the initiation of the leg and arm treatments enabled the



aduiniscrator to recwrd a post-imaersion score for the ankle, while the
arr; renained submers~d in the heated water. This procedure allowed the
wrist to be tested imrediately upon withdrawal,

During the experimental periocd the water temperature was maintained
within pius or minus one degree centigrade by adding either hot water or
ice, The therumometer was monitored at 60-second intervals. Exterral
conditions such as room temperature, which seldom fluctuated :ore tian
1l or 2 degrees from 22 degrees centigrade, werc standardized inscfor as
possible.

Following the experimental treatment, the subject dried himgelf,
at which time the investigator quickly slipped on the sc¢rapped sandal.
The subject was then instructed to assume che test position., This
procedure was carried out for both ankle and wrist.

The experimental conditions {or the cold water treatments comprised
immersing the ankle and wrist in 10-degree centigrade water for pericds
of 10, 20, and 30 minutes. With the exception of the alteration in water
temperature, the procedures employed for the cold water treatment were
identical to the procedures used in the hot water treatment.

A pre-immersion score was derived from the arithmetic average of
three readings for both joint flexion and joint extension taken prior to
the thermal application. After the experimental condition, a post-
immersion mean was obtained from the three readings. The difference
between the pre~immersion and post-immersion means was taken as the
change in range of movement induced by the respective experimental
conditions,

In order to determine the cffects of the varying temperatures on

the range of joint motion an analysis of variance was conducted on the



- change scores (post-immersion score minus pre-immersion score) using
82X 3 (Temperature X Time of Immersion) factorial arrangement of treat-
ments with repeated mcasures across both factors, For all tests of

statistical significance, the .05 leve' of probability was employed.

Results

Table 1 gshows that the 1l0-minute cold applic;tion caused a
decrement of .19 degree whereas the 20-minute and 30-minute cold
applications enhanced wristlflexibility by .63 and ,30 degree, respectively,
Table 2 indicates that for the heat treatment, all immersion periods seemed
to emhance £1exibility. The respective mean gains were 1.82 degrees for the

10-minute period, 1.56 degrees for 20 minutes, and 4.58 degrees for 30

minutes.

INSERT TADLES 1 AND 2 HERE

Ak e S G e b e W T e . . S T da e T S W e e e W -

The results of the analysis of variance applied to the wrist flexibility
changes are summarized in Table 3. It is observed that in the test for the
main effects of time, the resulting F of 1.16 was not significant. This
indicated that when averaged across both temperature levels, the varying
immersion periods failed to differ in their effects on wrist flexibility,

The F of 5.27 which resulted from the test for the main effects of tempera-
ture was significant at the .05 level. This revealed that when averaged

across the three levels of immersion periods, the mean change of 2.6S
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Table 1

Descriptive Statisctics® for Cold Application for
Wrist Flexibility '

Periods of
Immersion -
(Min.) Test X SD S_ Difference
X
10 Pre 162.14 11.95 3.19
.. -~ 19
Post 161.95 11.56 3.09
20 Pre 163.31 12.28 3.28
+.63
Post 163.94 10.62 2.84
30 Pre 162.41 10.90 2.91
+.30
Post 162.71 12.08 3.23

qul figures presented in degrees.
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Table 2

Descriptive Statistics® for Hot Application for
Wrist Flexibility

Periods of
Immersion -
(Min.) Test X SD 8_ Difference
X
10 Pre 163.94 10.78 2.88
+1.82
Post 165.76 9.67 2,58
20 Pre 166.71 12.71  3.40
+1056
Post 168.27 13.34 3.56
30 Pre 161.92 11.67 3.12
+4.58
Post 166050 11006 2096

8A11 figures presented in degrees,
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degrees for the hot application was superior to the gain of ,25 degree

for the gold. The respective standard deviations for the main effects

of heat and cold were 4.14 and 4,39 degrees. The final test was for the
interaction between time and temperature, and this resulted in an F of 1,34

which was not statistically significant.

INSERT TABLE 3 HERE

Table 4 summarizes the descriptive statistics for the cold appli-
cations and reveals that for the ankle the mean decrements caused by the
cbld water applications were .78, 1.78, and 2,23 degrees for the 10-,
20-~, and 30-ininute periods, respectively, Table 5 presents the descrip-
tive statistics for the hot applicgtion and reveals that in each case
the heat tended to reduce range of motion. The observed decrements were
.99 degree following the l0-minute hot application, 2.16 degrees after

20 minutes, and 3.24 degrees after 30 minutes.

INSERT TABLES 4 AND 5 HERE

A summary of the analysis of variance applied to the ankle flexi-
bility results appears in Table 6., This table reveals that the test for

the main effects of immersion time resulted in an F of 1.31 and the test

for the mwain effects of temperature resulted in an F of 0.15, neither of
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Table 3

Analysis of Variance Applied to Changé Scores in
Wrist Flexibility

Source DF SS MS F
Time A 2 42.09 21.05 1.16
As 26 474.36 18.22
Temperature B 1 121.68  121.68 5.27%
BS . 13 299.91 23.07
Time/Temperature AB 2 40.79 20.40 1.34
ABS 26 394.29 15.16

8gignificant at .05 level.
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Table 4

Descriptive Statistics® for Cold Application for
Ankle Flexibility

Periods of
Irmersion _ _
(Min.) Test X SD S_ Difference
X
10 Pre 64.75 9.82 2.63
-~ o 78
Post 63.97 9.96 2.66
20 Pre 66.44 9.27 2.48
""10 78
Post 64.66 10.63 2.84
30 Pre 65.95 12.01 3,21
-2023
Post 63.72 10,61 2.84

a
All figures presented in degrees,
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Table 5

Descriptive Statistics® for Hot Application for
Ankle Flexibility

Periods of
Immersion -
(Min.) Test X sD S_ Difference
X
10 Pre 64.99 10.26 2.74
--99
Post 63.99 11.79 3.15
20 Pre 71.85 11.34 3.03
. -2016
Post 69.69 12.29 3.29
30 Pre 65.85 12.5 3.36
"3. 24
Post 62.61 10.38 . 2.77

8A11 figures presented in degrees.
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which was sig .ficant. The test for the interaction between these

variables yielded an F of 0.13 which was also not significant.

INSERT TABLE 6 HERE

Discussion

The results of this study failed to reveal any significant alter-
ation in flexibility at either the wrist or arkle among the 10-, 20-, and
30-minute immersion periods, Furthermore, the lack of significant inter-
action at either joint suggested that there was no single optimal com-
bination of time and temperature for aicering range of motion., Hence,
it would appear that any effect on flexibility elicited by either hot
or cold water immersion occurs relatively rapidly (i.e,, within 10-
mirnutes), and any subsequent immersion beyond an inftial 10-minute
interval fails to cause any additional change in range of motion in a
normal joint.

Ihe only significant difference (p ¢ .05) was that the application
nf hot water (45 degrees) was superior to cold water (10 degrees) for
enhancing range of moticn at the wrist, This finding was in accord
with results of other investigators. Sechrist and Stull (15) reporcted
that both passive (hot water application) and active (mild activity)
warm-up elicited an increase in wrist flexibility whereas the gold
application failed to cause any alteration, Tuey further indicated that

the application v« heat coupled with mild activity produced an even
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Table 6

Analysis of Variance Applied to Change Scores in
Ankle Flexibility

Source DF SS MS F
Time A 2 34.56  17.28 1.31
AS 26 342,53 13.17
Temperature B ) 1 1.95 1.95 15
BS 13 165.35 12,72
Time/Temperature AB 2 4.31 2.16 .13

ABS 26 447.40 17.21
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greater range of motion at the wrist than did either treatment administered
singly., In concurrence, Wright and Johns' (18) study on the effects of
heat treatments and cold water immersion on flexibility of the metacar-
pophalangeal joints reported a 20 percent decrease in stiffness at 45
degrees centigrade. Similarly, Campbell (4) by applying hot packs as
her heat treatment focund an increase of 10 degrees during passive flexion
neasuréments at the right hip. The present study did, however, fail to
demonstrate any difference in ankle flexibility between the hot and cold
treatments, This finding fails to support the results of Sechrist and
Stull (15) who reported that at the ankle all forms of warm-up (passive,
active, and a combination of the two) were superior to the cold water
application, but that none of the warﬁing techniques differed from any
other. The reason for the discrepancy in these results is not immediately
at hand although possibly the difference in tension placed on the ankle
during measurement in the two studies may have been responsible. In
the present investigation the actual tensic.: on the ankle during flexion
was 9.98 kg, and during extension 2.72 kg., whereas in Sechrist and Stull's
study no attempt was made to standardize this procedure, It is possible
that the resuits of the previous study would have differed had some more
stringently controlled measuring procedure been used, and it also appears
reasonable to hypothesize that had different amounts of tension been applied
during testing in the present study a difference between temperatures may |
have benn observed. Certainly additional research in this areQ would seem
justified.

Most previous studies have either reported that joint motion is

inhibited or una‘fected by cold applications. ilence, the results of this



study tend to agree with the prior research in that the cold water
applications failed to affect range of joint motion at either the wrist
or ankle., Studies by Hunter and Whillans (10), Le Blanc (11), and
Campbell (4) have concluded that the application of cold tends to
decrease or inhibit range of motion.

In summary, the only statistically significant result in the
present study was that at the wrist, range of motién can be enhanced
by immersion of the joint in hot water. There appears to be no

advantage, however, in extending the time of immersion beyond 10 minutes.
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